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Abstract 
Solar-aided coal-fired power system is the integration of solar collector subsystem and traditional coal-fired 
power plant. The heat demand of first high pressure heater in coal-fired power plant is replaced by the energy from 
solar collector field and heat storage system. Solar direct normal irradiation (DNI) and coal-fired power plant load 
condition have great influence on the operation scheme of solar-aided coal-fired power system. This study established 
the model of solar-aided coal-fired power system with heat storage system and analyzed the operation strategy of the 
integrated system in different DNI and coal-fired power plant off-design load conditions. The flow rate change of 
valves in a typical day is calculated.  
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1. Introduction 
As a clean renewable energy, solar energy plays a crucial role in addressing the increasing 
environment problems. To solve the problem of high investment and operational instability in solar 
thermal power plant, some scholars proposed the concept of solar-aided coal-fired power plant. It is the 
integration of solar energy and traditional coal-fired power plant. Peng et al. analyzed the contribution of 
mid-temperature solar thermal power to improve the performance of coal-fired power plant and proposed 
possible schemes to improving the solar aided coal-fired power plant on off-design operation [1]. Hou et 
al. analyzed the performance of a solar-aided coal-fired power system at design point under various load 
conditions and discussed the correlation between the annual performance and two key factors [2].Suresh, 
Reddy, and Ajit Kumar Kolar proposed the 4-E (energy, exergy, environment, and economic) method to 
enable solar-aided coal-fired power plant to establish techno-economic viability [3]. Nathan et al. 
performed an economic assessment of a hybrid receiver-combustor for a solar power tower electricity 
generating plant employing molten salt technology to evaluate the conditions under which an economic 
benefit can be derived [4]. Silveira et al. studied the basic principles of a hybrid power system and its 
thermal economics [5].Reddy and Veershetty carried out the techno-economic feasibility analysis of a 
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5MWe solar parabolic dish collector field and investigated the solar parabolic dish power plant 
configuration is based on various parameters such as the spacing between dish collectors, land area 
required, percentage of the shadow and energy yield [6]. Baghernejad and Yaghoubi optimized the 
investment cost of equipment and the cost of exergy destruction of an integrated solar combined cycle 
system by using exergoeconomic principles and genetic algorithms [7].  
The operation mode of solar-aided coal-fired power plant has been discussed in some literatures. 
However, they either focus on the change of DNI or the coal-fired power plant off-design load conditions. 
The novelty of this paper lies in that both two factors are considered in integrated system operation 
strategy. In this paper, the flow rate of valves in different operation mode is calculated. 
 2 System description 
The diagram of solar-aided coal-fired power system is shown in Fig.1. The system includes two 
subsystems: the solar collector field subsystem and the 660 MW coal-fired subsystem. The former 
includes a series of parabolic trough solar collectors, two-tank heat storage system, oil-water heat 
exchanger and three valves. Solar collectors are used to reflect sunlight into collector tube located in the 
focal line of it. The endothermic working fluid in the collector tube is thermal oil. Two-tank heat storage 
system contains a hot salt tank, a cold salt tank and oil-salt exchanger. Molten salt is the thermal storage 
mass. Oil-water heat exchanger is the connection of solar collector field subsystem and coal-fired 
subsystem. The energy from solar collector field and heat storage system is used to meet the heat demand 
of first high pressure heater in coal-fired power plant.  The turbines used in the coal-fired subsystem are 
of type N660-24.2/566/566. They have a 660 MW supercritical condenser steam unit, a single 
intermediate reheater, three cylinders, four exhaust extractors, and a single shaft. The feedwater heating 
system is composed of three high-pressure reheaters (HTR1, HTR2, and HTR3), four low-pressure 
reheaters (HTR4, HTR5, HTR6, and HTR7), and a deaerator.  
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Fig.1 Diagram of solar-aided coal-fired power system 
 
3 Operation strategy 
DNI and coal-fired power plant load condition all changes with time. Thus, the operation strategy of 
solar-aided coal-fired power system should change in different time. In the integrated system, three valves 
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are set to adjust the operation mode. According to the DNI and coal-fired power plant load condition, 
there are five kind of operation mode.  
(1) When DNI is 0, valve A, B and C should be closed all. The coal-fired power plant works in 
original way. 
(2) When DNI is 0, but the stored heat from heat storage system can meet the heat demand of the first 
high pressure heater under the real-time load condition, valve A, B should be opened and valve C 
should be closed. The hot salt is used to heat the thermal oil in oil-salt heat exchanger. The 
direction of valve B is flow out. 
(3) When the DNI is high, the heat collected by solar collector system remains in addition to meet the 
heat demand of the first high pressure heater under the real-time load condition. The remained 
heat should be stored in the heat storage system. Valve A, B and C should be opened all. The 
direction of valve B is flow in. 
(4) When the heat collected by solar collector system can not meet the heat demand of the first high 
pressure heater under the real-time load condition, but added with the heat from storage system 
can meet the requirement. Valve A, B and C should be opened all. The direction of valve B is 
flow out. 
(5) When the heat from both solar collector system and thermal storage system can not meet the heat 
demand of the first high pressure heater under the real-time load condition. The heat collected by 
solar collector system should be stored into thermal storage system. Valve B,C should be opened 
and valve A should be closed. The direction of valve B is flow in. 
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Fig.2 The flowsheet of operation strategy  
4. Case Study 
4.1 Basic data 
The parameters of solar collector field refer to the designed parameters of solar aided coal-fired 
demonstration power plant in Gansu province. However, the solar collector field is scaled up for the 
original power plant in this paper is 660MW. In this paper, the main parameters of 660 MW coal-fired 
482   Rongrong Zhai et al. /  Energy Procedia  75 ( 2015 )  479 – 484 
power system are shown in Table 1. The main parameters of the solar collector field system are shown in 
Table 2. 
Table 1 The main parameters of 660 MW coal-fired power system 
Parameters Values Units 
Capacity 660 MW 
Parameters of main stream 24.2/566/566 MPa/ć/ć 
Flow rate of feedwater 1834.826 t/h 
Pressure of condensor 4.9 kPa 
Temperature of feedwater 274.432 ć 
Heat rate 7541.435 kJ/kWh 
Coal consumption 73.707 kg/s 
Table 2 The main parameters of the solar collector field system 
Parameters of collector 
Number of collector 70  
Length of collector 576 M 
Width of aperture 5.77 M 
 Focal length 1.71 M 
Row spacing  17.28 M 
The largest optical efficiency 0.734  
Parameters of thermal oil 
Density 800 kg/m3 
Specific heat capacity 2200 J/(kg·ć) 
Kinematic viscosity 0.005 mm2/s 
 
4.2 Results 
According to the real-time load condition of coal-fired power plant, the heat demand of first high 
pressure heater in coal-fired power plant (QA) can be obtained. The heat collected by solar collector field 
(QS) can be calculated in different DNI condition.  Comparing the QA, QS and storage heat Qsto, the 
operation mode of integrated system can determined. In each kind of operation mode, the flow rate of 
three valves can be calculated. In this paper, the operation condition in a typical day is analyzed.  Fig. 3 
shows the DNI in a typical day. And the off-design load condition of 660 MW power plant is shown in 
Fig. 4. 
 
Fig. 3 The DNI in a typical day 
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The sun rises at 5:30 and falls at 19:30 in the typical day. The DNI is 0 before 5:30 and after 19:30. 
From 5:30 to 15:30, DNI rises and reaches the maximum value at 15:30. After 15:30, DNI decreases 
gradually.  
 
Fig. 4 The off-design load condition of 660 MW power plant 
Before 6:30 and after 23:30, the power plat works in 40% load rate. After 6:30, the load rate begins to 
rise with the increase of electricity consumption. Between 10:30 to 21:30, the unit operates at full load. 
After 21:30, the load rate falls gradually. 
According to the DNI and real-time load rate of coal-fired power plant in a typical day, the flow rates 
of three valves are calculated. The result is shown in Fig. 5. 
 
Fig. 5 The flow rates of three valves in a typical day. 
Before 5:30 and after 19:30, the valve A, B and C are closed all and the coal-fired power plant 
operates in the original way because the DNI is 0. Between 5:30 to 16:30, the valve A, B and C are 
opened all, the direction of valve B is flow in. During 5:30 to 7:30, DNI isn’t very high as well as the 
power plant also works at low load rates. The heat collected by solar collector system still remains in 
addition to meet the heat demand of the first high pressure heater. The remained heat increases from 5:30 
to 7:30 and this part of heat is stored in the thermal storage system. Between 7:30 to 10:30, the stored heat 
decreases gradually. From 10:30 to 16:30, DNI is high enough and the power plant works in 100% load 
rate. After proving the heat needed by first high pressure heater, the excess heat is stored in the thermal 
storage system. From 16:30 to 19:30, the valve A, B and C are opened all, but the direction of valve B is 
flow out.  Because DNI decreases gradually, the heat collected by solar collector system can’t meet the 
required heat of the first high pressure heater. So the heat demand is provided by both solar collector field 
and thermal storage system. Between 19:30 to 21:30, the valves A, B are opened while valve C is closed, 
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the direction of valve B is flow out. During this time, DNI is 0, the required heat is provided by thermal 
storage system alone. In this typical day, the integrated system has four kinds of operation mode.  
5. Conclusion 
In this paper, the model of solar-aided coal-fired power system with heat storage system is established. 
And the operation strategy of the integrated system in different DNI and coal-fired power plant off-design 
load rate is analyzed. With the change of DNI and power plant load rate, there are five kinds of operation 
modes. A typical day condition is chosen as an example to illustrate the operation strategy further.The 
flow rate change of three valves is calculated.  
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